was set for a constant load of 2 kg. and the subject attempted to keep to a constant pedalling speed of 52 r.p.m. set by metronome. As fatigue set in, the rate of pedalling gradually fell and any changes were noted by taking readings of the total revolutions of the back wheel every 15 min. These readings were graphed against time and represented the work done per 15 min. When the subject became exhausted and could no longer keep up even a steady slow speed, the trip on the motor controlling the magnetic brake was automatically knocked off. When this had occurred three times the experiment was stopped, a completely objective end point being thus achieved.
The experiments fell into two main categories, laboratory studies and field studies.
I. LABORATORY STUDIES (a) ERGOMETER EXPERIMENTS

Methods
Six men from R.A.M.C. and R.A.S.C. units acted as subjects. Their ages ranged from 22 to 28 years and they were of very varied physique. To determine whether output of work was increased by the drugs, two ergometers were used, a cycle and a hand machine. The cycle ergometer (McCall & Smellie, 1931) was set for a constant load of 2 kg. and the subject attempted to keep to a constant pedalling speed of 52 r.p.m. set by metronome. As fatigue set in, the rate of pedalling gradually fell and any changes were noted by taking readings of the total revolutions of the back wheel every 15 min. These readings were graphed against time and represented the work done per 15 min.
When the subject became exhausted and could no longer keep up even a steady slow speed, the trip on the motor controlling the magnetic brake was automatically knocked off. When this had occurred three times the experiment was stopped, a completely objective end point being thus achieved.
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With the hand ergometer (Cathcart, Wishart & McCall, 1923) Results Fig. 1 shows the results of a typical control experiment on the hand ergometer. The graph of work done steadily falls, with minor fluctuations, the two doses of control tablets having no definite effect. Fig. 2 cases the initial optimal rate of working was never quite achieved when the drug was given during the period of deterioration, but in one subject (1 B) the analeptic had a most dramatic and sustained effect. The effect of 10 mg. of methedrmne on this subject using the cycle ergometer is seen in Figs. 5 and 6, and the effect of 15 mg. benzedrine in Figs. 7 and 8, using the hand ergometer.
On another occasion this subject worked on the hand ergometer for 11jt hr.
without a break after receiving 10 mg. methedrine at 7 hr. when he was showing marked signs of failing.
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Another subject (3 B) showed no response to benzedrine or methedrine given during the period of work (Figs. 9 and 10). If, however, the drug was given some hours before work commenced then the response became evident as shown in Fig. 11 . The effect with this subject therefore seemed to be greatly delayed. Fig. 10 In the other subjects the stimulant actfon of the analeptics appeared usually within 1-1j hr. and lasted from 3 to 3 hr. If they were given late in the experiment no recovery was seen as the subject became exhausted before the drug took effect. The subjective responses were not so consistent as the objective ones; but euphoria as indicated by singing, whistling and general cheerfulness was noted D. P. CUTHBERTSON AND J. A. C. KNOX in some of the subjects following the analeptics. In others, stiffness and ache disappeared temporarily and the subjects felt fresher and sometimes in their own words 'as fresh as at the start'. On some occasions the subjects complained of headache, tiredness and general ' muzziness' about 9-10 hr. after the analeptic and at times there was a history of nausea. These symptoms were, however, transient.
(b) MISCELLANEOUS TESTS Strength tests. In most of the later experiments the hand-grip, lumbar pull and crushing power were determined before and after work on the ergometers. The greatest diminution in strength was found after the hand-ergometer experiments as was to be expected. There was, however, very little deterioration in the total strength as shown by these tests after work on the cycle ergometer, indicating that the fatigue was essentially local so far as motor activity was concerned. The analeptics had little effect on the results of these tests.
Static effort. The maximum time which the subject could hold the springs of a muscle developer at a given mark (7.5 kg. pull) with his arms at a right angle in the vertical plane, was determined at 15 min. intervals before and after the analeptics. In spite of attempts to standardize the procedure the results were so variable on account of the additional muscles which the subject could bring into play, that this type of experiment was subsequently abandoned.
Flack test (40 mm. mercury endurance test). This cardio-respiratory test was performed at 1 hr. intervals by three subjects before and after the administration of 10 mg. methedrine. No significant improvement in performance was noted. The manometer displacement and the heart rate were recorded graphically throughout the test.
Mosso's Ergograph. The finger ergograph did not prove a satisfactory apparatus for investigating the problem as the subjects did not exert their maximal effort after the initial stages and simply produced an abbreviated contraction which could be maintained for 4 or 5 hr. with a 7 lb. load. If maximal contractions only had been investigated the exercise period would have been so short that the analeptic would not have had time to act. Reaction times. These were investigated by means of a motor-car chassis. The subject operated the steering, accelerator, brakes and clutch in response to light signals given every few seconds for an hour. The reaction times for each action were recorded continuously in tenths of a second by electrical means. There was no definite evidence of improvement when analeptics were given to the three subjects employed, as the effects of practice were very difficult to eliminate.
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The general data on pulse rate and blood pressure obtained during the ergometer studies were first examined. Then experiments on the effect of methedrine and of control tablets on the performance of a standard cardiac tolerance test were carried out. As it was difficult to obtain reliable blood-pressure readings during the tolerance test a separate series of experiments was performed to determine the effect of methedrine on the blood pressure, pulse rate and temperature of subjects at rest. During these latter experiments the reaction of the pupils was also noted. As there is a considerable literature on the effects of benzedrine sulphate on the heart, but little on the effects of methedrine, it was decided to use only the latter drug in the cardiovascular experiments.
Methods
The cardiac tolerance test. Three subjects were employed for this test which is concerned only with the response of the heart rate to a brief standard exercise (Knox, 1940) . The exercise consisted in climbing five times up and down two steps each 10 in. high, stepping in time with a metronome beating 96/min. The subject started from and returned to the sitting position. The heart beats were recorded electrically on a smoked drum before, during and after the exercise which lasted approximately 20 sec.
The heart rate was counted to the nearest tenth of a beat in intervals of 5 sec. from the beginning of the exercise. The highest rate obtained in a 5 sec. interval was converted to beats per min. and taken as the maximum rate. The heart rate in the 10 sec. period immediately preceding the exercise, converted to beats per mi., was taken as the initial rate.
This test was performed at intervals of j hr. and after the first three or four tests the subject received either 10 mg. methedrine or equivalent control tablets.
Experiments on the resting subject. Eight men from R.A.M.C. and R.A.S.C. units acted as subjects. (Three of these had already taken part in the ergometer experiments.) 1j hr. after breakfast the men were seated at separate tables and rested quietly for 15 min. when the first readings were taken. Records of pulse rate, blood pressure and size of pupils, in that order, were made thereafter at intervals of 15 min.; and the temperature (under the tongue) was read every I hr. During the intervals, the subjects were allowed to read. After 1 hr. the methedrine or control tablet was given and the readings continued. General behaviour and signs were noted. Symptoms were elicited by questioning.
Results Cardiac tolerance test. Previous work by one of us (J.A.C.K.) had shown that the maximum rate was probably the most reliable index of cardiac response in the tolerance test. Accordingly, the values of the initial rates and maximum rates in the successive tests at -hr. intervals were graphed as in Fig. 12 , which shows a typical result. Prior to medication the values for maximum rate and increment over initial rate were well within the normal limits for this test, and neither the analeptic nor the control tablets caused any significant alteration in the response to the exercise. Thus a dose of methedrine (10 mg.) which caused a definite increase of work output as shown by the ergometer experiments, did not interfere with the normal cardiac acceleration as demonstrated by this test. Fisher (1937) described an instability of the pulse rate after 30-40 mg. benzedrine. In his subjects the pulse was slow at rest but the slightest exertion caused a great increase in rate. This effect was not seen in the present series, probably because of the much smaller dosage employed. The effect of methedrine on the resting subject Pulse rate. When the subjects received control tablets the pulse rates steadily fell during the 3-4 hr. of observation. When they were given 10 mg. methedrine this same trend was shown until about 3 hr. after the administration of the drug; the fall was then arrested and in some cases a slight irregular rise was noted. Similar results, but with a more definite tendency towards a sustained rise, were found after 20 mg. methedrine. Previous observations by Myerson, Loman & Dameshek (1936) and Myerson (1940) indicated a slowing of the pulse rate. Davidoff & Reifenstein (1938) , however, found the changes in pulse rate after 10-30 mg. benzedrine given orally to be quite unpredictable, and, recently, Finkelstein, Alpern & Gantt (1945) (1939) stated that 20 mg. benzedrine intramuscularly increased the metabolic rate by some 7 %. It is of interest that the slight thermogenic action noted in our subjects occurred after a longer latent period than the other responses, and that the rise did not in any case exceed the premethedrine values. Fig. 13 shows graphs of blood pressures, pulse rate and temperature for an average subject and Fig. 14 those for the anomalous subject.
Pupils. Myerson (1940) noted pupillary dilatation after benzedrine. In our subjects, little, if any, change occurred after 10 mg. methedrine; but 3045 min. after the administration of 20 mg. methedrine by mouth some of the subjects stated-spontaneously that the lights had become brighter. Three of the eight subjects showed definite pupillary dilatation.
General behaviour and other signs and symptoms
Behaviour. No appreciable alteration in behaviour resulted from 10 mg. methedrine, but about 30-45 min. after 20 mg. methedrine the subjects became noticeably talkative and cheerful, and most of them were unable to concentrate on reading.
Symptoms following 10 mg. methedrine. The symptoms arising from this dosage were, on the whole, very mild. About 45 min. after medication one subject complained of a 'nervous feeling' and another felt 'energetic'. Two others complained of slight headache in the afternoon and early evening.
Symptoms following 20 mg. methedrine. In six of the eight subjects this dosage gave rise to a definite state of euphoria. Of the remaining two, one had visual disturbances and the other felt 'jumpy' and had a 'dullness' in his head. It is noteworthy that this latter subject was the man who showed a continuous fall in B.P. after the drug. A little later some of the subjects felt warm and clammy and some were thirsty. Reports were filled in by all ranks after the march and on the following morning.
Results
The main results are summarized in Table 1 , the various items of which arediscussed briefly below.
1. Neither the total time taken to cover the course nor the cinema records of the style of marching showed any definite difference between the groups. 2 and 3. The total number of men complaining of foot trouble was not significantly different in the two groups but complaints of severe foot trouble were commoner in the control group. On the other hand, examination of the feet after the march showed that whereas only 11 men in the control group had blistered feet, 18 men in the methedrinized group were affected, and moreover the number of severe blisters was also greater in this group. About 1 hr. after receiving the analeptic he was very anxious that his squad be allowed to take an alternative route which would have added an extra 10 miles to the march, as he was sure the men could manage it easily. Later, when he had recovered from the drug, he said that he was thankful that he had not been allowed to have his way, as the men would obviously have foundered. It is to be noted that the cadets were medical students, in no special training. 10 and 11. Though drinking water was supplied on the route, thirst rather than hunger was noticed in the methedrine group and the reverse in the control group.
12. It is of some interest that a few men in the methedrine group complained of headache, and five out of the twenty-seven had dilated pupils.
13, 14, 15 and 16. The sleep rhythm on the night following the march was but little affected by the methedrine taken the same morning. On the average, the control group went to bed earlier than the methedrine group. A noteworthy feature of the experiment was the complete absence of 'flop' or even of severe 'hang-over' after the effects of the drug had worn off.
17. In an attempt to assess the alertness of the men, 'O'Grady drills' were performed twice during the night preceding the march and once on returning from the march. ('O'Grady drill' consists of a series of commands which may or may not be prefaced by the words 'O'Grady says-'. Only those commands prefaced should be obeyed.) Although there was a definite original intrinsic difference in the number of errors made by the X and Z squads, this difference was not significantly altered after medication. The general conclusion from this study was that 15 mg. of methedrine did diminish the fatigue and discomfort of a long route march, but that certain unfavourable symptoms might occur.
The purpose of this study was to determine whether benzedrine in 10-15 mg. doses would keep physically tired men awake.
Method
Two companies of a fully trained infantry battalion acted as subjects. They were employed on a 48 hr. operations scheme as shown in Table 2 . One company was given benzedrine as indicated, one-quarter of its personnel receiving 15 mg. and the rest 10 mg. The other company was given identical numbers of control tablets at the same times. The officers and men filled in a questionnaire relating to each 24 hr. period and this supplemented the reports of the observers. over' than there was in the control group. From the questionnaire it was found that 70% of the men who received benzedrine thought that the tablets did diminish discomfort and fatigue, whereas only 23 % of the men in the control group thought that their tablets had this effect. There was also some evidence that, as in the first field study, thirst was more apparent in the group receiving the analeptic. It was therefore shown that 10-15 mg. of benzedrine did produce increased wakefulness which undoubtedly might be of value in certain emergencies. Discussion Lehmann, Straub & Szakall (1939) found that doses of 5 or 10 mg. methedrine increased the performance on the bicycle ergometer in all three of their subjects. They attributed this result to central excitation which reduced the protective mechanisms such as fatigue, muscle pain, etc., which normally guard against over-exhaustion. Knoefel (1943) obtained similar increases in work output with 10 mg. methedrine in five out of seven subjects on the cycle ergometer. Alles & Feigen (1942) , using Mosso's ergograph, found that 10, 20 or 40 mg. of benzedrine inhibited the onset of voluntary muscle fatigue and stated that the effect was probably primarily due to an action directly on the central nervous system. This increase in work output was confirmed by our ergometer experiments, but we would stress the individual variations which occurred. In a given subject, however, the effects could be predicted fairly accurately after a few trials. In the work experiments the effect usually appeared within -12 hr. and lasted from 4 to 3 hr. The time taken to act is in general agreement with the 3-2 hr. stated by Peoples & Guttmann (1936) , and the results of Beyer (1939) and Alles & Feigen (1942) . In the ergometer experiments our subjects received dosages of the analeptics up to the equivalent of 163 mg. benzedrine spread over 16 days, and this raised the question whether continued administration of these drugs has a deleterious effect. This has been reviewed in a recent article by Shorvon (1945) in which relatively enormous doses of benzedrine, up to 125 mg. daily over a long period, were found to produce no evidence of physiological damage. Apart from some disturbance of sleep when the analeptics were given in the evening, our subjects showed no definite evidence of unfavourable sequelae.
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In general, it was found that 10 mg. of methedrine were approximately equivalent to 15 mg. of benzedrine, and this is in agreement with the results of Larsen (1938) and Jacobsen, Christensen, Eriksen & Hald (1938) .
When analeptics are employed to sustain work output or to diminish fatigue one of the main limiting factors would appear to be the development of untoward effects such as irrational behaviour, visual disturbances and depression. Thus Carl & Turner (1940) found that small doses of benzedrine increased psychomotor output without affecting accuracy whereas larger doses caused confusion. It is therefore necessary to balance the beneficial effects, such as increased output of work and alertness, against the unfavourable effects. It may be useful to summarize our findings concerning those effects in relation to the dosage of methedrine, which is approximately I1 times as potent as benzedrine. Apart from the occasional development of slight headache, muzziness and nausea, 10 mg. methedrine would seem to be a safe and effective dose under the conditions described in the present paper. The effects of 15 mg. methedrine were observed in the first field study. Here, though on the whole 56 ANALEPTICS AND FATIGUE the drug was probably beneficial, the deleterious effects were undoubtedly more marked, and included thirst, headache, and in one case at least, definite irrationality. The Under the conditions of the ergometer experiments in which the drug was given when deterioration in performance was either imminent or evident, the action appeared to be exerted over a relatively short period. In the cardiovascular and field studies where an increased dose was given, the onset and duration of the euphoria corresponded fairly well to that of the increased work output in the ergometer studies. The deleterious effects, however, following the increased dosage, gradually became evident as the euphoria declined and lasted with varying intensity for about 24 hr. We are, therefore, of the opinion that 20 mg. methedrine given at one time is an overdose for most subjects.
With regard to the possible uses of analeptics in war it seems clear that these drugs should not be given indiscriminately to large numbers of men because of the wide individual variations in response. Euphoria, noisiness or lack of judgement in even a few sensitive individuals might well upset an entire operation. On the other hand, it is probable that the ulse of analeptics in emergencies by individuals or by small groups of men whose reactions to the drug are already known, may sometimes be justified. Summary 1. Oral administration of 15 mg. benzedrine or of 10 mg. methedrine increased the subject's capacity to sustain a given level of work performance on ergometers. If deterioration had already set in, these analeptics caused the work output to rise within -1I hr. and maintained the increased rate of working for generally about 1 hr. There was usually subjective improvement corresponding to the objective response. Methedrine was found to be about 14 times as potent as benzedrine.
2. There were wide individual variations in response to the drugs but in a given subject the effects could be predicted fairly accurately after a few trials.
3. The effects of 10 and 20 mg. methedrine on the blood pressure, pulse rate, temperature and general behaviour of resting subjects are described. 
